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ABSTRACT
Germination studies were conducted on seed of wild poinsettia 
(Euphorbia heterophylla L.) collected in 1974 and 1975, Significant 
differences in germination existed between seedlots. An alternating 
temperature regime of 25/35 C was optimum for germination and no effect 
of light was noted at this temperature regime. Light, however, signifi­
cantly increased germination at temperatures of 25 or 35 C, and decreased 
it at 10/35 C. Red light (650 nm) treatments significantly increased 
germination over dark controls after 24, 48, or 96 h of exposure. Red/ 
far-red reversibility was not demonstrated; therefore, the phytochrome 
system cannot be implicated conclusively in the control of seed germi­
nation in this species.
Seed mositure levels below 7.7% did not seem to affect viability 
at 5 or 25 C after a storage period of 3 to 9 months. Seed viability 
decreased rapidly when seed were stored for 3 months at 25 C with a 
moisture content of 10.8% or at 5 or 25 C with a moisture content of 
18.6%.
Seed buried in the fall at a depth of 5 cm germinated extensively 
in the field 9 months later, field germination increased as depth of 
burial decreased.
Dormancy in wild poinsettia seed was indicated by failure to 
germinate in darkness at 25 C. Storage of wild poinsettia seed at 36 
C for 2 to 12 weeks caused a significant decrease in dormancy as com­
pared to corresponding storage at 5 C. Assays for the presence of 
germination inhibitors in seed extracts suggested that phenolic com­
ix
pounds of an inhibitory nature were present although abscisic acid, a 
growth hormone while inhibits germination, was not detected in seed 
extracts by gas-liquid chromatography.
The pentose phosphate pathway (PPP) was operative to the same 
degree in both dormant and nondormant seed. This implies that the 
PPP is not a mechanism of seed dormancy in this species.
A significant increase in phenylalanine ammonia-lyase activity 
was observed in seed which had been imbibed at 10/35 C in white light 
for 72 h. This suggests that increased synthesis of phenolic compounds 
may occur when seed are treated at this temperature and light regime. 
Phenolic compounds may be responsible for the partial inhibition of 
germination observed at 10/35 C in white light.
Increases in isocitric lyase activity of seed extracts were 
highest in nondormant as compared to dormant, imbibed seed as well as 
both dormant and nondormant, dry seed. These data suggest that changes 
occur during the after-ripening period which potentiate isocitric 
lyase synthesis.
x
INTRODUCTION
Wild poinsettia, sometimes called painted leaf, is an annual which 
is often cultivated for its attractive foliage and floral structures.
The species is sometimes described as passing unnoticed into var. 
graminifolia which is characterized by its long, narrow, lanceolate 
leaves (57). Probably, having escaped from cultivation, the species 
recently has found prominence as a troublesome weed of soybean fields 
in Louisiana. In addition, it has been reported as a weed of Brazil (24), 
Colombia (22), and Peru (23).
Although wild poinsettia can be controlled through the use of pre­
emergence and postemergence herbicides, unfavorable field conditions 
sometimes prohibit effective control (7, 205). Thus, it has become 
necessary to devote a substantial amount of research effort to work 
toward the control of this species in soybeans.
To cultivate a weed for experimental purposes is often a difficult 
task (3), and wild poinsettia is no exception to this rule. Since 
freshly harvested seed of wild poinsettia were found to be dormant, 
suitable treatments which broke seed dormancy had to be found before the 
species could be cultivated for experimental purposes. In addition, 
harvested seed had to be stored under conditions which maintained viabil­
ity as well as seed dormancy if dormancy was to be studied as a problem. 
This dissertation entails studies of (i) seed dormancy, (ii) seed vi­
ability and (iii) physiology of seed dormancy in wild poinsettia.
LITERATURE REVIEW
This literature review is divided into three sections: seed dor­
mancy, regulation of enzymes in germinating seed, and seed viability.
SEED DORMANCY
Most commonly, viable, mature seed are described as dormant if they 
fail to germinate under suitable conditions of temperature, moisture and 
oxygen. Harper (74) has described three types of seed dormancy: innate,
induced (secondary), and enforced. Innate dormancy refers to those 
mechanisms which prevent viviparous germination and prevent germination 
immediately after the seed is shed from the plant. Enforced dormancy is 
maintained by some enviromental factor. For instance, certain weed seed 
may remain dormant for long periods of time as long as they are buried 
in the soil but germinate immediately after a short exposure to light 
(217, 218, 219). Induced dormancy differs from enforced dormancy in 
that the dormant condition persists after removal of the inhibitory 
factor, i.e. darkness, unfavorable temperatures, etc.
Although seed dormancy as described above may be useful in classi­
fying different dormancy types, it does not explain the underlying 
causes of seed dormancy. Several different causes of dormancy have been 
reviewed, any one or combination of which may impose a dormant condition 
upon the seed. Impermeability of the seed coat to water and (or) oxygen 
is a frequently listed cause of seed dormancy (120, 121). Such a "hard- 
seeded" condition is often found in legumes as with Cassia obtusifolia L. 
(27), and other families including Malvaceae, Chenopodiaceae, Convol-
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vulaceae, and Solanaceae (210). In addition to impermeability, the hard 
seed coat may impose a mechanical restriction upon the embryo as de­
scribed by Chen and Thimann (28). Other causes of seed dormancy Include 
the presence of endogenous inhibitors (95, 120, 178) and immature embryos 
(120, 191). Many factors have been shown to affect seed dormancy and 
subsequently, germination, and some of these factors will be discussed 
in detail below.
(i) Temperature and Light
The concept of certain maximum and minimum temperatures which de­
fine the limits of germination was first reported by Sachs (168), in 
1860. Physiologically, the responses of enzymes crucial to germination 
can be related to these temperature maxima and minima (102). Such 
maxima and minima may vary within the same species according to geo­
graphic location (177); thus, temperature is implicated as a most im­
portant ecological factor in seed germination and dormancy.
It is well known that seed often germinate better at a temperature 
regime which alternates diurnally than at a constant temperature regime. 
In his review on alternating temperatures, Harrington (75) states that 
certain species such as common bermudagrass [Cynodon dactylon (L.)
Pers.] show little germination at constant temperatures between 20 and 
35 C while alternating temperatures of 20/35 C markedly stimulate germi­
nation. The temperature cycle to which the seed are exposed during 
imbition may influence germination rate and final germination percentage 
(43). Thus, it is important to state which cycle of the alternating 
temperature regime was maintained when seed were imbibed. Cycle duration 
is also an important aspect to consider when seed are exposed to alter­
nating temperatures. Meneghini et al. (124) reported variation in
germination caused by different durations of exposure to both high and 
low temperature pulses when seed of Rumex obtusifolius were geminated at 
25 C. Depending on the species the requirement for duration of daily 
temperature flux may vary from several minutes (192) to several hours 
(188).
Several hypotheses which attempt to explain gemination responses 
to alternating temperatures have been proposed. Based on the observa­
tion that removal of the seed coat sometimes results in loss of the 
specific requirement for diurnal temperature fluctuation, Morinaga CL31) 
suggested that alternating temperatures modified the seed coat mechani­
cally such that gemination could proceed. Toole et al. (195) hypothe­
sized that respiratory intermediates, which could not be utilized during 
the high portion of the cycle, accumulate and are later utilized during 
the low portion of the cycle. They based their hypothesis on the fact 
that the high portion of the cycle is favorable for high rates of respi­
ration, but unfavorable for gemination; whereas, the low portion of 
the cycle is unfavorable for respiration, but favorable £or gemination. 
Cohen (31) proposed the existence of a thermolabile enzyme precursor 
or cell membrane which separated the reactants of the gemination pro­
cess. Thompson (192) suggested that diurnal temperature fluctuations 
linked metabolic reactions in effect causing the product of a reaction 
at one temperature to be the reactant at the other temperature. Roller 
(100) suggested that alternating temperatures were involved with circa­
dian rhythms in some way.
In general, constant temperatures usually result in less gemination 
with less unifomity than alternating temperatures (38). Significant 
gemination responses to constant temperature treatment are observed in
some species. Rollin (162) reported high germination percentages of 
Bidens radiatus at constant temperatures of 25 C and slightly above 
while no germination was noted at constant temperatures below 25 C. It 
is interesting to note that germination of 13. radiatus occurred at al­
ternating temperatures of 5/22 C and 10/22 C. Germination percentages 
of Sorghum halepense L. increased from ca. 10 to 75% as constant tem­
perature treatment was increased from 20 to 40 C (75). Conversely, 
germination of celery (Apium graveolens L.) Increased from 0 to 40% as 
constant temperature was decreased from 27 to 10 C (131).
Seed dormancy may be imposed upon certain species when they are 
subjected to constant temperatures. When dry seed of lettuce (Lactuca 
sativa var. Grand Rapids) are subjected to constant temperatures of 30 
or 35 C, germination percentages at 20 C decrease concomitantly with 
the length of time at the higher constant temperature (193); whereas, 
this induced dormancy in these lettuce seed was broken by exposure of 
imbibed seed to light indicating a temperature x light interaction.
Heat pretreatment has frequently been shown as a method of breaking 
seed dormancy, especially, in desert annuals (21), desert shrubs (71), 
some crop species (18), and certain grass weeds (186). Rees (148) 
showed that oil palm [Elaeis guineensis (Jacq.)] seed responded to high 
temperature pretreatment. Heat pretreatment of seed may simulate high 
temperature and dry soil conditions to which seed of desert species may 
be exposed after dissemination. Wild poinsettia has been recorded as an 
annual of the Sonoran desert (208) and seed of this species probably 
are subjected to dry heat after dissemination in this environment.
Caspary (26), in 1860, first observed that visible radiation in­
fluences seed germination. It was Flint and McAlister (6) who first
reported that red light promoted seed germination. Borthwick et al.
(14) showed that the promotion of lettuce seed germination by red light 
was reversible by far-red light. The induction maximum was observed to 
be 660 nm while the maximum inhibition was observed to be 730 nm. Two 
forms of a pigment called phytochrome were shown to be involved in the 
following reaction:
660 nm
^  fr,
730 nm
The phytochrome pigment has been isolated and purified by Siegelman et 
al. (175) and shown to be a chromoprotein.
Seed are often distinguished on the basis of their response to 
light as positively photoblastic, negatively photoblastic, or non- 
photoblastic. Positively photoblastic lettuce seed are as described 
above. Fhacelia tanacetifolia (173) is negatively photoblastic since 
light inhibits germination in this species. Interestingly, the action 
spectrum of light-inhibited germination has been reported to be the same 
as that of light-promoted germination (123, 150). Inhibition of germi­
nation by light was initially described by Heinricher (80) in 1903, and 
Remer (149) in 1904. Certain varieties of lettuce as well as other 
species germinate equally in light or dark, and these are referred to 
as non-photoblastic. Non-photoblastic seed may sometimes be rendered 
sensitive to light by various treatments (163)
The interaction of temperature and light on seed germination has 
been the subject of a recent review (198). Frequently, the effect of 
light or temperature alone on seed germination will be quite different 
from combined effects. The light-inhibited germination of Nemophila 
insignis is most significant at 21 to 22 C (123). Above 22 C, germina­
tion is inhibited in darkness, and complete suppression of germination 
is noted at 28 to 29 C. Between 5 and 21 C little difference in germi­
nation is observed in either light or dark. An exposure to red light 
is required for germination of Lactuca sativa var. Grand Rapids at 25 C; 
whereas, almost complete germination is noted in darkness at 10 C (150). 
The substitution of alternating temperatures for light in the germination 
of seed was first studied by Gassner (65, 66) and Lehmann (105, 106).
Such a treatment has been recorded for Nicotiana tabacum vars. Maryland 
Mammoth and Kentucky 16 (196). Transfer of imbibed seed from a lower 
temperature to a higher temperature for short durations will sometimes 
potentiate a response to red light. Seed of Lepidium virglnicum L. showed 
an increase of 51% over the control when irradiated with red light after 
being transferred from 20 to 35 C for 16 minutes (187). Indeed, the 
responses of dormant seed to various temperature and (or) light regimes 
are varied and complex.
(ii) Growth Hormones
There are five types of growth hormones which are recognized by 
plant physiologists (108): auxins, cytokinins, gibberellins, abscisic
acid and ethylene. Gibberellic and abscisic acids'1' are most profound in 
their affects on germination; whereas, ethylene and cytokinins are 
usually more effective interacting with another growth hormone, light 
or CO2 (190). Although conflicting reports exist, no germination re­
sponse is usually noted when seed are treated with auxin (120).
Since gibberellins were first isolated in 1938, more than 40 dif­
ferent gibberellins have been identified (204). Both GAt* and GA7 have
^Hereinafter referred to as GA and ABA, respectively.
been found to occur naturally in seed (44), and both are highly active 
as seed germination stimulants (89). Kahn et al. (93) and Lona (111) 
were among the earliest investigators to show stimulation of seed germi­
nation by GA. Since that time* numerous hypotheses have been proposed 
concerning the mode of action of GA on seed germination* and some have 
been substantiated. Frankland and Wareing (61) reported that GA as well 
as thiourea and kinetin relieved seed dormancy in hazel (Corylus avellana 
L.). Ross and Bradbeer (164) showed a concomitant decrease in GA with 
the appearance of embryo dormancy. In this same paper a substantial 
increase in endogenous GA content was observed after 28 days chilling at 
5 C and subsequent transfer to 20 C. It has been shown that GA stimulates 
both DNA template activity and RNA polymerase activity in hazel seed 
(91, 92), These data suggest increases in enzyme synthesis stimulated 
by GA.
The classic example of enzyme synthesis stimulated by GA was first 
reported by Paleg (138, 139) and Yomo (221, 222). These workers observed 
the production of a-amylase in the aleurone layer of barley seed stimu­
lated by GA. The GA is secreted by the scutellum of the barley embryo 
(121). Although Varner and Chandra (203) reported de novo synthesis of 
a-amylase in isolated barley aleurone cells treated with GA, conclusive 
evidence was not obtained until 1967 (58). In germinating barley seed 
increases in a-amylase appear to be post-germinative (190).
Interrelationships between phytochrome and plant hormones have been 
suspected since Kahn et al. (93) and Lona (111) showed that GA would 
substitute for red light in light-dependent lettuce seed. In Grand 
Rapids lettuce, light-induced germination is prevented by AMO-1618 
[(4-hydroxy-5-isopropyl-2-methylphenyl) tri-methyl ammonium chloride-
1-piperidine carboxylate], an inhibitor of GA biosynthesis (11).
Although these data are suggestive of increases in endogenous GA medi­
ated by Pfr , such an hypothesis has not been proven conclusively in 
seed (190). Cooke et al. (32, 33) and Loveys et al. (113), however, have 
shown increases in gibberellin-like substances induced by red light in 
etiolated wheat leaves.
ABA was first isolated in 1963 by Ohkuma et al. (137), and its 
structure was determined later in 1965 (136). The classic inhibitor 
correlated with potato tubers, 6 fraction (9), was shown to contain ABA 
as its most active compound (125). Although it is substantiated that 
ABA will inhibit germination and prolong seed dormancy (1, 126), evidence 
also exists for the presence of ABA in nondormant as well as dormant 
seed (212). The fact that levels of ABA decline in several species 
during stratification has implicated this growth hormone as a component 
of seed dormancy (212). Sondheimer et al. (176) using dormant and non­
dormant seed of Fraxinus sp. showed ABA concentration in the dormant 
seed which had been subjected to cold-temperature after-ripening to be 
as low as that found in the nondormant seed. Declining ABA levels in 
response to chilling have been reported in seed of other species (110, 
165), Exogenously applied ABA can be leached from treated tissue, and 
the effects of the compound are reversed easily (202, 212).
Changes in levels of germination inhibitors and (or) promoters in 
response to environmental stimuli strongly suggest interactions between 
these substances involved in the control of seed dormancy. The promoter- 
inhibitor concept of dormancy and growth regulation was first reported by 
Hemberg (81) in 1947. Various models and causes of seed dormancy have 
appeared since that time (2, 29, 83, 96, 98, 189), Of these models
which stress the promoter-inhibitor concept the model of Khan and Waters 
(98) probably has received the most attention and supportive evidence 
(97). Several important facts about the interaction of growth hormones 
are stressed in the model of Khan and Waters. Firstly, the effects of 
GA are primary in breaking dormancy, stimulating germination and pro­
moting growth, while the effects of inhibitors and cytokinins are pre­
ventive and permissive, respectively. Secondly, cytokinins are permis­
sive in GA-induced processes when these processes are blocked by inhibi­
tors such as ABA. Thus, more than one hormone may be involved in seed 
dormancy. Depending on environmental conditions, seed of the same 
species may exhibit different hormonal situations. Finally, such anom­
alous situations as dormancy without inhibitors, germination in the 
presence of inhibitors, and the germination requirement for GA and cyto­
kinins are easily explained by the model. Data are also cited which 
emphasize that responses to exogenously applied hormones do not neces­
sarily indicate a requirement for those hormones.
The effect of cytokinins and ethylene on seed dormancy and germi­
nation are not as well researched as those of the previously discussed 
hormones, GA and ABA. Though cytokinins usually have little effect on 
seed dormancy when applied alone, their effect is usually more antago­
nistic than GA against inhibitors such as ABA (190) . Both increases 
(214) and decreases (215) in cytokinins have been reported during after­
ripening of seed. Such results are often compounded by simultaneous 
changes in levels of other hormones.
Vacha and Harvey (201) first reported the stimulatory effect of 
ethylene on breaking of seed dormancy. Production of ethylene has 
been reported for several species (122, 199, 201), and it is generally
10
autostimulatory (52) toward germination. Although ethylene stimulates 
germination so well as to use the compound to reduce populations of 
Striga asiatica Kuntze (50), its precise role in seed dormancy remains 
masked by interaction with other processes.
(iii) Other Chemicals Affecting Seed Dormancy and Germination
The role of nitrates in stimulating seed germination was elucidated 
with the discovery that Knop's solutions promoted germination of certain 
seed (120). Hesse (85) showed the dependent relationship between seed 
germination and nitrate concentration. In an investigation with four 
light-sensitive weeds, Husley and Turk (87) showed that a 0.2% solution 
of potassium nitrate increased germination in Tagetes minuta and 
Euphorbia hirta. Taylorson (183) showed that the action of a 0.2% 
solution of potassium nitrate was synergistic with a brief temperature 
shift to 40 C in promoting germination of Potentilia norvegica L.
Some species such as Polypogon monspeliensis respond to potassium nitrate 
only at alternating temperatures (197). The interaction of potassium 
nitrate with GA (78) and kinetin (135) has also been reported. Some 
investigators have suggested that nitrate fertilizers have a significant 
influence on the germination of weed seed (159, 183, 213), and this may 
result in decreased weed seed populations. Although most reports are con­
cerned with stimulation of germination by nitrates, inhibition has also 
been observed (114). The effects of nitrates on seed germination are 
interesting, and they are usually complexed by interactions with tempera­
ture, light and (or) growth hormones.
Thiourea is another compound which as been widely studied with re­
gard to its stimulating effects on seed germination. In addition to its 
germination stimulating properties, thiourea also inhibits growth (120).
The effects of this compound are perhaps as diverse and complex as those 
of potassium nitrate with regard to seed germination. Thiourea has been 
shown to substitute for light requirements of seed (54), after-ripening 
(200), and it may act as a natural germination stimulator (207). The 
most effective concentration of thiourea is often dependent on germination 
temperature (144). For a review of the effects of other thiol compounds 
one should refer to Reynolds (151).
The results of Roberts (152), which showed that the mean dormancy 
period of rice seed is dependent upon the oxygen tension at which it is 
stored prior to germination, led to the hypothesis that some oxidative 
mechanism is involved in loss of dormancy. Thus, inhibitors of respira­
tion such as sodium azide should delay the breaking of dormancy. In 
1964, Roberts (153) showed just the reverse of this hypothesis, that 
terminal oxidase inhibitors such as potassium cyanide, sodium azide and 
hydroxylamine hydrochloride caused small but significant increases in 
germination over water controls in several species of dormant seed. In 
a subsequent report (154) Roberts explained the unusual results by the 
hypothesis that the terminal oxidase inhibitors make oxygen more avail­
able for a dormancy-associated oxidative process by inhibiting cytochrome 
oxidase which has a very high affinity for oxygen. The stimulatory effect 
of terminal oxidase inhibitors as well as some other respiratory inhibi­
tors toward germination was confirmed by Major and Roberts (116). This 
work was again supportive of the involvement of some oxidative process 
in the breaking of seed dormancy. Roberts (155) also showed that dormancy 
in barley and rice was not due to restriction of gas exchange since a 
greater exchange in dormant than nondormant seed was noted during the
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early stages of imbibition. The oxidative mechanism involved in the 
breaking of seed dormancy was proposed to be the pentose phosphate 
pathway (PPP) utilization of glucose (155, 158). Hendricks and Taylorson 
(92) have shown that hydroxylamine, a terminal oxidase inhibitor and pro­
duct of nitrate reduction, as well as nitrite and azides promote seed 
germination by inhibiting catalase decomposition of hydrogen peroxide. 
Subsequent studies have indicated that hydrogen peroxide, which is spared 
from oxidation by catalase, oxidizes NADPH, thus, providing a necessary 
source of NADF for the PPP (83). Since terminal oxidase inhibitors such 
as hydrogen cyanide stimulate the breaking of dormancy, the question 
arises as to why such respiratory inhibitors do not increase or inhibit 
germination. Part of the answer seems to lie in increased support for 
operation of a cyanide-insensitive or "alternate" pathway of respiration 
during the early part of germination (220). Continued research is neces­
sary in such areas, however, to better understand the role of the PPP and 
other pathways of glucose oxidation in seed dormancy and germination.
Other than the previously discussed ABA, there exists a broad spec­
trum of naturally occurring compounds which may block or depress seed 
germination. The phenolic compounds, which are chromatographed in the 
8-inhibitor complex with ABA, probably comprise the main group of inhibi­
tors. Phenolic compounds include cinnamic acid, unsaturated lactones, 
e.g. coumarin and flavanoids. Several characteristics which distinguish 
the effects of ABA and phenolic compounds have been cited in a review (95). 
The synthesis of phenolic compounds is enhanced at increased light inten­
sities, ABA is effective at concentrations 100 to 1000 times lower than 
phenolic compounds, and ABA often is a stronger inhibitor of seed germi­
nation. In addition to ABA and phenolic compounds, fatty acids (109),
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aldehydes, alkaloids and morphactins (96) have been shown to inhibit 
germination. The previously discussed hormone, ethylene, which normally 
breaks seed dormancy, has been shown to have an inhibitory effect on the 
germination of apple seed (53). Ketring (96) has ascribed the physio­
logical roles of germination inhibitors to be the prevention of pre­
mature germination, inhibition of germination in other species, self­
inhibition of germination, and extension of the germination period. Thus, 
it can be said that germination Inhibitors have a prominent ecological 
significance.
Although the effects of herbicides on seed germination and emergence 
have been widely studied, no herbicides seem to have the dramatic effects 
of GA or cytokinins (141). The synthetic auxin, 2,4-D, has been reported 
to Increase germination of certain weed species (160, 161) although most 
auxins are inhibitory. Copping et al. (35) reported that low concentra­
tions of atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine] 
and ametryne [2-(ethylamino)-4-(isopropylamino)-6-(methylthio)-s- 
triazine] significantly increased germination of lettuce and tobacco. 
Parker (141) has cited other reports which implicate dinoseb (2-sec- 
butyl-4,6-dinitrophenol) and certain diphenyl ethers as stimulating 
germination. Recently, Fawcett and Slife (56) reported that certain 
carbamate herbicides stimulated germination of several weed species in 
both field and laboratory investigations. Such research implies a 
potential for certain herbicides to reduce dormant weed seed populations 
although practical applications of this technique await more conclusive 
studies.
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Regulation of Enzymes in Germinating Seed
The regulation of enzymes in higher plants has been the subject of 
several reviews (59, 68, 225), and it will not be considered in this 
writing. Two enzymes whose presence has been demonstrated in germina­
ting seed will be discussed in detail: isocitrate lyase (EC 4,1.3.1)
and phenylalanine ammonia-lyase (EC 4.1.3.5).
(i) Isocitrate Lyase
Isocitrate lyase and malate synthetase (EC 4.1.3.2) are both key 
enzymes of the glyoxylate cycle. The association of isocitrate lyase 
with fat-containing seed in which rapid conversion of fat to carbo­
hydrate is an important metabolic process has long been known (25). 
Breidenbach and Beevers (16) and Breidenbach et al. (17) showed that 
the enzymes of the glyoxylate cycle were associated with an organelle 
which they named the glyoxysome. Subsequently, more than 85% of the 
activities of both malate synthetase and isocitrate lyase were shown 
to be associated with this organelle (34). The pattern of activity of 
isocitrate lyase is similar for all the species which have been studied. 
In general, activity is lowest in ungerminated seed, rising to a peak 
coinciding with the highest fat metabolism rate, then declining (30).
The de novo synthesis of isocitrate lyase in seed of several species 
has been reported (67, 86, 88, 112) although control of synthesis and 
activity remains an obscure area (121). Since GA has been shown to 
control release of a-amylase from the aleurone layer of barley, it 
would be logical to hypothesize a similar role in control of the gly­
oxylate cycle enzymes. Doig and Laidman (40) observed that glyoxylate 
cycle activity was inducible in wheat aleurone by GA. Furthermore,
such activity appeared to be dependent on the presence of the embryo. 
Presence of the embryo for control of isocitrate lyase activity also 
is observed in squash (142) although a cytokinin, benzyladenine, 
appears to be the controlling factor rather than GA. Embryonic control 
of isocitrate lyase is not observed in castor bean endosperm (182). In 
a study on cottonseed embryogenesis and germination, Ihle and Dure (88) 
showed that translation of mRNA for isocitrate lyase was inhibited by 
ABA whose origin appeared to be the tissues surrounding the embryo. 
Transcription of this mUNA occurred when embryos were two-thirds of 
their final size, but transcription could be induced prematurely by 
removing the embryo from the mother plant. Once desiccation of the seed 
had occurred normal germination proceeded because of severance from the 
mother plant; hence, there was no control by ABA. Thus, ABA exerts a 
degree of control over mRNA for isocitrate lyase by preventing its 
translation in cotton embryos. As such, vivipary is prevented in the 
developing embryo. Other control mechanisms, however, remain to be 
elucidated for this enzyme.
(ii) Phenylalanine Ammonia-Lyase (PAL)
First discovered in 1961 by Koukol and Conn (104), PAL is probably 
the most widely studied enzyme of secondary plant metabolism due to its 
stability and ease of assay (104, 224). Studies on regulation of PAL 
have been conducted mostly with plant tissue other than seed (20) although 
reports of its occurrence in germinating seed can be found (166, 209).
That PAL is important in the regulation of phenolic biosynthesis is undis­
puted (37, 128) although mechanisms by which such regulation occur remain 
in a state of controversy (118, 172). Regulation of PAL by light has
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been an extensively studied subject ever since Zucker (224) reported 
the induction of PAL by light in potato tuber tissue. Most research 
concerned with the influence of light on PAL activity has been conducted 
with mustard cotyledons and gherkin hypocotyls (172). In mustard seed­
lings a brief illumination with red light mediated increases in PAL 
activity which could be reversed with a brief exposure to far-red light 
(216). Thus, the phytochrome system was implicated in the control of 
PAL. In gherkin seedlings, however, no red, far-red reversion was ob­
served (46), and blue light caused great increases in PAL activity (45,
49). Furthermore, such blue light mediated increases in PAL activity 
are also influenced by temperature, especially, cold temperatures of 
10 C (47). In this paper Engelsma (47) stressed the interaction between 
enzyme synthesis and inactivation as did Zucker (225) in a recent review. 
Attridge and Johnson (4) have reported the existence of inactive pools 
of PAL in both mustard and gherkin, with blue light causing activation 
of preexisting PAL in gherkin hypocotyls. Recently, inactivators of 
PAL have been isolated from gherkin hypocotyls (62) and sunflower leaves 
(36). Schopfer (172) pointed out the inconclusiveness of experiments 
concerned with either activation of preformed PAL in gherkin or phyto­
chrome mediated de novo synthesis of PAL in mustard. Thus, more research 
is needed on regulation of PAL which is influenced by an array of factors, 
not the least of which are light, temperature and plant species.
Seed Viability
Seed viability is of prime concern to the agronomist, horticulturist 
or farmer; however, it is also of concern to the weed scientist as point­
ed out by Roberts (156). Often, little is known about either the range of
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storage conditions which are "optimal" for seed of a particular weed 
species or the changes which occur in seed under prescribed storage con­
ditions. Knowledge of this type of information is necessary if one must 
study a particular weed species.
(i) Temperature and Moisture
In the storage of any given seed the preservation of viability is 
of primary importance. Temperature and moisture have been suggested as 
the two most important factors in maintaining seed viability (8, 77). 
Usually, low seed moisture combined with storage at low temperature 
preserves seed viability. Certain seed will survive for long periods 
of time in the imbibed state (99); whereas, conditions of high tem­
perature and humidity promote rapid deterioration of others (94, 194). 
Villiers (206) showed that seed of ash (Fraxinus amerlcana L.) and let­
tuce declined in viability with increases in seed moisture; however, 
storage of seed in the fully imbibed state resulted in maintenance of a 
high level of viability. Low moisture does not always favor high levels 
of viability (133). Conversely, low levels of seed moisture in johnson- 
grass [Sorghum halepense (L.) Pers.J does not seem to affect viability 
(76).
(ii) Seed Burial
Certain seed maintain their viability for long periods of time when 
buried in the soil (99, 134, 145). Roberts (156) emphasizes that seed 
viability and seed dormancy become necessarily coupled when seed are 
buried in the soil. As such, seed dormancy and seed viability often vary 
with depth and time of burial in the soil. Wesson and Wareing (218) 
showed that certain weed seed, previously not sensitive to light, de­
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veloped a sensitivity to light after burial in the soil. Taylorson 
(184) reported that loss of viability was correlated with shallow place­
ment of weed seed in the soil. Cycles of phytochrome-controlled dor­
mancy in weed seed also have been shown to exist (185) . In another 
investigation, Stoller and Wax (180) demonstrated that viable seed 
existed at 2.5 and 10.0 cm after burial for 3 years, but seed decayed 
faster at the 2.5 than at the 10.0 cm depth. In a study of periodicity 
of germination, Stoller and Wax (179) were able to correlate early emer­
gence of certain weeds with soil warming, and emergence after May 1, was 
stimulated by soil moisture. Thus, a complex interaction of factors 
seems to affect both seed viability and seed dormancy when seed are in 
the presence of the soil environment.
MATERIALS AND METHODS
(i) Seed Gemination Tests
Gemination tests were conducted on wild poinsettia seed which had 
been harvested from a population growing under (a) relatively dry con­
ditions in 1974 and (b) relatively wet conditions in 1975. Mature seed 
were harvested manually during August of each year. Seed harvested from 
the 1974 population were used to propagate plants from which the 1975 
seedlot was obtained. A completely random experimental design with five 
replicates was used, and experiments were repeated four times. Each rep­
licate consisted of 50 seed distributed on a piece of Whatman No. 1 
filter paper moistened with 6 ml of distilled water in a 9-cm petri 
dish. When exogenously applied chemicals were used, these were prepared 
in aqueous solution, diluted to the appropriate molar concentration, and 
substituted for distilled water in the petri dish. Glass-covered petri 
dishes were placed in an environmental chamber programmed for the appro­
priate temperature and light regime. Gemination was defined as elon­
gation of the radicle 5 mm or more within 14 days after seeding. Light 
was supplied by eighteen 1500-milliampere, cool white, fluorescent lamps 
and four 75-watt, frosted, incandescent lights. The intensity of light 
at the seed level was 5,918 lux. Light treatments were 12 h light/12 h 
darkness per 24 h cycle. Total darkness treatments were achieved by 
placing the petri dishes in copper sterilizing cans to accommodate light 
and dark treatments within the same environmental chamber. Dark treat­
ments were counted under the illumination of a green safelight. Tempera­
ture regimes studied under light and dark conditions were constant 25 C
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or 35 C and alternating 25/35 C or 10/35 C, In. the case of the alter­
nating temperatures the higher temperature was applied during the light 
portion of the cycle.
(ii) Seed Scarification and Imbibition
Fifty-seed samples of wild poinsettia seed were abraded by placing 
the seed in a Burrows mechanical seed scarifier for 0, 2, 5, 10, or 20 
seconds. Seed were tested for germination at 20/30 C in a 14 h light/10 
h dark cycle after scarification. A completely random experimental de­
sign with five replicates was used. The experiment was repeated twice. 
Other conditions for germination are described above in (I).
Unscarified 50-seed samples of wild poinsettia were weighed when 
they contained ca. 7% seed moisture. They were then moistened with 6 
ml of distilled water and weighed at 2, 4, 6, 24, and 48 h after moisten­
ing to determine imbibition of water by unscarified seeds. Seed were 
blotted before weighing to remove excess water adhering to the mucilag­
inous seed coats. A completely random experimental design with 10 rep­
licates was used.
(iii) Heat Fretreatment
Freshly harvested, dormant seed were collected from a population of 
wild poinsettia in 1975. After 2 months storage in a canning jar at 5 C 
these dormant seed were placed in an electrically-heated, convection- 
type incubator at 36 C, After 1, 2, 4, 6, 8, and 12 weeks at this tem­
perature germination tests were conducted in total darkness at 25 C.
Seed which had been stored at 5 C for an equivalent length of time were 
used as a control. A completely random experimental design with five 
replicates was used. The experiment was repeated two times. Other
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germination conditions are described above in (i).
(iv) Red Light Treatment
Fifty-seed samples of wild poinsettia were imbibed in 6 ml of dis­
tilled water for 18 h in total darkness before treating with red light. 
Two 15-watt, cool white, fluorescent tubes covered with two layers of 
red cellophane were used as the red light source. Light intensity 32 
cm from the source at the level of the seed was 3.9 mw * cm“^ at 650 nm. 
Imbibed seed samples were treated for 1, 4, 8, 24, 48, 96 or 192 h with 
red light, then transferred to an environmental chamber at 25 C in total 
darkness. A completely random experimental design with five replicates 
was used. Other conditions of germination are described above in 
section (i).
(v) Assay for Germination or Growth Inhibitors
The effect of an adsorbent on germination of wild poinsettia was 
evaluated by placing 4 g of activated charcoal in petri dishes with 
seed which had been treated otherwise as described in section (i) above.
Seed were then tested for germination at 25 C in a 12 h light/12 h dark
cycle or total darkness. A completely random experimental design with 
five replicates was used. The experiment was repeated twice.
In a second experiment wild poinsettia seed were assayed for 
germination inhibitors by using the cress seed bioassay. A 5-g sample 
of seed was incubated with 3 ml of distilled water at 10/35 C in either
a 12 h light/12 h dark cycle or total darkness for 6 days. Seed were
then extracted with cold, aqueous methanol (80% v/v) by a modified 
method of Webb and Wareing (215). After reducing acidic fractions to 
dryness on a rotary evaporator they were redissolved in 5 ml of redistil-
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led ethyl acetate. Five pi of this material was spotted onto a 2 by 45 
cm strip of Whatman No. 1 chromatography paper. Chromatographs were de­
veloped in a descending fashion for 30 cm in isopropanol:ammonia:water 
(10:1:1). Developed chromatographs were divided into 10 equal segments 
representing Rj, fractions from 0.1 to 1.0. Each section was placed on 
a 5.5 cm circle of Whatman No. 1 filter paper in a petri dish and 
moistened with 2 ml of distilled water. Fifty cress seed var. Curled 
Cress (Park Seed Co.) were placed on the filter paper. Inhibition of 
radicle elongation was the criterion used to evaluate the presence of 
growth inhibitors. A completely random experimental design with four 
replicates was used.
(vi) Assay for Abscisic Acid
Seed which had been collected as previously described in section
(i) was stored at 5 C until used. After 6 days of incubation at 10/35 
C in either 12 h light/12 h dark or total darkness, 5 g of seed were 
extracted by a modified method of Webb and Wareing (215). Extracts 
representing 0.5 g of plant material were methylated by the method of 
Schlenk and Gellerman (170). Methylated extracts were analyzed by gas- 
liquid chromatography using a modified method of Seeley and Powell 
(174). Samples representing 0.1 mg of plant material were injected into 
a 0.3175- by 182.88-cm glass column containing 3% SE-30 on Gas Chrom Q.
The Column was mounted on a Hewlett-Packard Model 5700A gas chromato­
graph equipped with an electron capture detector. Oven temperature was 
maintained at 200 C while both detector and injection port were maintained 
at 250 C. The experiment was replicated four times.
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(vii) Pentose Phosphate Pathway in Dormant and Nondormant Seed
Two lots of seed, both collected in 1975 as previously described in 
section (i) were used in this experiment. One lot was stored at 5 C to 
maintain seed dormancy. Hereinafter, these seed will be referred to as 
"dormant." A second lot of seed was stored at 36 C for 12 weeks then 
returned to storage at 5 C. Hereinafter, these seed will be referred to 
as "nondormant." Operation of the pentose phosphate pathway was deter­
mined by calculating ^-^C-6/^^C-l ratios as described by Bloom and 
Stetten (13). One hundred fifty dormant or nondormant seed which had 
been surface sterilized for 20 minutes in a 1% calcium hypochlorite 
solution were incubated in a 50-ml flask containing 2.5 yC of either 
glucose-l-l^C or glucose-6-^C, Air which had been filtered through a
1-micron Millipore filter was passed through the incubation vessels to 
carry the evolved into the trapping system (Figure 1). Between
the incubation and trapping vessels the air was dehumidified by passing 
it over Drierite (CaSOi*). The ^ C 0 2  was trapped by bubbling it through 
15 ml of scintillation cocktail containing toluene (46% v/v), methanol 
(27% v/v), 2-phenylethylamine (27% v/v), and 2,5-diphenyloxazole 
(0.5% w/v). A secondary trap was maintained to ensure that the trapping 
capacity of the first trap was not exceeded. Trapping vessels were 
counted after 3, 6, 9, 12, and 24 h of incubation at 24 C under a fluo­
rescent light of 237 lux intensity. Control vessels containing only 
glucose-l-^C or glucose-6-^C were maintained to correct for any ex­
traneous activity. Trapping vessels were capped and counted directly 
in a Beckman LS-250 liquid scintillation counter. All samples were 
corrected for quench by the channels ratio method. A completely random 
design with three replicates was used and the experiment was repeated
Filtered air
150 SEED
glucose-1- C 
or |4 
g|ucose~6- X
'Drlerite* —
X 0 2 TRAP
Secondary trap
14Figure 1_. CO^ trapping system.
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five times. A  paired-t test was used to compare -^C-6/^C-l ratios be­
tween dormant and nondormant seed.
(viii) Phenylalanine Ammonia-Lyase Activity
Seed used in this experiment were collected in 1976 from a culti­
vated stand of wild poinsettia. It was necessary to collect seed in 
June because plants were transplanted too early causing them to be sub­
jected to a photoperiod which induced flowering. Seed were stored at 
5 C until further use. Three grams of seed were placed in a 9-cm petri 
dish with 5 ml of distilled water. Seed were then incubated at 25 C or 
10/35 C in total darkness or a 12 h light/12 h dark cycle. At the end 
of 24, 48, and 72 h incubation, petri dishes containing the seed were 
transferred to a cold room at 3 C and extracted under a green safelight. 
Seed were extracted in 25 ml of 75 mM borate buffer, pH 8.8, for 30 
seconds with a Brinkmann "Polytron" homogenizer. Preliminary experi­
ments indicated no difference in enzyme activity when seed were ground 
with mortar and pestle or the homogenizer. The borate buffer contained 
2-mercaptoethanol, 0.4 ml/1, to maintain stability of sulfhydryl groups 
on the enzyme. Extracts were filtered through four layers of cheese­
cloth and centrifuged for 15 minutes at 20,000 The supernatant was 
assayed for phenylalanine ammonia-lyase (PAL) activity both spectro- 
photometrically and radiometrically. Enzyme extracts contained ca. 2.5 
mg/ml protein. Both the spectrophotometric and radiometric assay were 
replicated four times and data were analyzed using a factorial analysis 
of variance.
The spectrophotometric assay of Zucker (224) was used with slight 
modification. An equal volume of 50 mM L-phenylalanine in 75 mM borate 
buffer, pH 8.8, was added to the supernatant in 125-ml Erlenmeyer flasks.
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Flasks containing the enzyme and an equal volume of borate buffer were 
maintained as controls. All flasks were incubated in a water bath at 
35 C with continuous shaking, and the reaction was carried out under a 
green safelight. At 20-minute intervals for a 1-hour period, 9-ml 
aliquots of the reaction mixture were transferred to test tubes con­
taining 1 ml of 80% trichloroacetic acid (TCA) to stop the reaction 
and precipitate protein. Protein was removed by centrifugation, and 
the supernatant was assayed at 290 nm to measure the presence of trans- 
cinnamic acid. One unit of activity was defined as a change in absor­
bance at 290 nm of 0.01/hr.
The radiometric assay was based on a modification of the method of 
Koukol and Conn (104). Two ml of enzyme extract (supernatant) were 
added to test tubes containing 1 pC of ring 4-labelled L-^H -phenyla­
lanine (Amersham/Searle Corporation) in 0.5 mM L-phenylalanine made up 
in 75 mM borate buffer, pH 8.8. Again, all buffer solutions contained
2-mercaptoethanol, 0.4 ml/1, for enzyme stability. Test tubes contain­
ing the reaction mixture were incubated at 35 C in a water bath shaker 
with continuous shaking. The reaction was stopped, and protein was 
precipitated by the addition of 0.3 ml of 80% TCA. Sufficient tubes 
were incubated so that the reaction could be monitored at 20-minute 
intervals for a 1-hour period. Based on its relative insolubility in 
water and solubility in toluene, trans-cinnamic acid was extracted in 
3 ml of toluene after removal of precipitated protein by centrifugation. 
A 1-ml aliquot of the toluene was counted in 15 ml of scintillation 
cocktail containing toluene (67% v/v), Triton X-100 (33% v/v) and 2,5- 
diphenyloxazole (0.3% w/v). Samples were counted in a Beckman LS-250 
liquid scintillation spectrometer and corrected for quench using the
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channels ratio method.
(ix) Isocitric Lyase Activity
Seed used in this experiment were collected in 1976 as described 
above in section (viii). Dormancy of seed was broken by storing dry 
at 36 C for 12 weeks as described above in section (iii). A 3-g sample 
of either dormant or nondormant seed was placed in a 9-cm petri dish with 
3 ml of distilled water and incubated at 25 C for 24 h in total darkness 
prior to extraction. Seed were extracted in 100 mM potassium phosphate 
buffer, pH 6.85, containing 10 mM dithiothreitol (DTT) and 10 mM mag­
nesium chloride to maintain enzyme stability. Seed were extracted for 
30 seconds with a Brinkmann "Polytron” homogenizer, filtered through 4 
layers of cheesecloth, and centrifuged at 20,000 g for 15 minutes. The 
supernatant was assayed for isocitric lyase activity by a modified method 
of Dixon and Kornberg (39) and Cooper and Beevers (34). The reaction 
mixture contained in a total volume of 2 ml, 200 pM potassium phosphate, 
100 yM magnesium chloride, 20 yM DTT, 20 yM phenylhydrazine hydrochlo­
ride, and 0.01 ml of enzyme preparation. The reaction was started by 
the addition of isocitrate to give a final isocitrate concentration of 
13 mM. The reaction was followed at 324 nm at 24 C in a Perkin-Elmer, 
dual beam, recording spectrophotometer. Enzyme extracts contained ca.
2.5 mg/ml protein. The experiment was replicated three times and a 
randomized complete block design was used in the analysis of data.
(x) Storage Temperature and Seed Moisture
Freshly harvested, dormant seed of wild poinsettia were stored in 
approximate relative humidities of 5, 10, 25, 50, 75 and 100%. These 
relative humidities were obtained by placing concentrated sulfuric acid,
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dilutions of sulfuric acid, or water in closed vessels with the seed 
(206). Canning jars (1.057 1) served as the humidification chambers.
Seed (25 to 30 g) were placed around a 100-ml beaker filled with the 
appropriate solution as described above. After an equilibration period 
of 5 weeks in total darkness at 25 C seed mositure determinations were 
made in an air oven at 130 C (90) . Seed from each moisture level were 
then divided into two lots, sealed in glass bottles, and stored in total 
darkness at 5 or 25 C. After storage at the above temperature and mois­
ture levels for 3, 6 and 9 months germination tests were conducted at 
25/35 C in light as previously described in section (i). Seed which did 
not germinate were not viable as determined by the tetrazolium test (90). 
A factorial analysis of variance was used to analyze data from this ex­
periment, and the experiment consisted of five replicates in a com­
pletely random design.
(xi) Seed Burial
In each year, 1974 and 1975, freshly harvested seed which had been 
stored at 5 C were buried. During October, nylon mesh envelopes (10 by 
10 cm) containing 50 seed each were buried in the field in Olivier silt 
loam at depths of 5, 15 and 30 cm. Seed in the intact envelopes were 
retrieved from the field in total darkness after 3, 6 and 9 months. The 
number of seed which had deteriorated or germinated prior to retrieval 
from the field was determined by counting the empty seed coats as well as 
the intact seed which remained in the nylon envelopes. Intact seed were 
subjected to germination tests in the laboratory. Seed which were har­
vested and buried in 1974 were tested for germination at 25 C in light or 
total darkness. Seed which were harvested and buried in 1975 were tested
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for germination at 25/35 C in light or total darkness in addition to the 
25 C light and dark regime. Control treatments consisted of seed which 
had been stored at ca. 7% moisture and 5 C following harvest. All other 
germination parameters are described above in section (i). A completely 
random experimental design with five replicates was used in the germi­
nation tests, and a factorial analysis of variance was used to analyze 
the data.
(xii) Seed Coat Anatomy
Seed and other relatively dry plant material such as pollen are 
usually classified as stable (10) and only need to be mounted on a stub 
and coated with gold/palladium (60/40) for scanning electron microscopy. 
Wild poinsettia seed were prepared in this manner and examined with a 
Jeol, JSM-U2 scanning electron microscope at 25 KV,
Seed which were to be embedded in plastic for thin sectioning and 
subsequent examination by light microscopy were imbibed for 24 h prior 
to fixation. Seed were fixed in vacuo for 3 h in a 10% solution of 
paraformaldehyde. After rinsing in 50 niM phosphate buffer, pH 7.4, fol­
lowed by four, 5-minute rinses in distilled water, seed were dehydrated 
in 2,2-dimethoxypropane (146). Seed were then infiltrated with epon/ 
araldite (129) and cast into molds. Seed were sectioned on a conven­
tional microtome with a glass knife after the mold block had been trimmed 
appropriately. Sections which had been cut at a thickness of 3p were 
mounted on slides which had been coated with a gelatin-chrome alum ad­
hesive (10). Either 1% methylene blue in 1% borax solution or methy­
lene blue^azure Xl-basic fuchsin was used to stain the section (10).
RESULTS
(i) Seed Scarification and Imbition
When a mechanical scarifier is used to abrade seed, the extent of 
seed abrasion is directly proportional to the duration of scarification.
A highly significant increase in germination was observed when seed 
were scarified either 2 or 5 s (Tables 1, 2). Further increases in 
duration of scarification resulted in significant decreases in germi­
nation from that observed at 2 or 5 s.
Studies on imbibition of wild poinsettia seed showed highly signi­
ficant increases in seed weight up to 6 h after seed began to imbibe 
water (Tables 3, 4). No significant increase in seed weight was ob­
served beyond 6 h.
(ii) Alternating Temperatures, Light and Seedlots
Seed germination tests showed a highly significant difference between 
seedlots (Tables 5, 7). Lowest levels of germination were observed at 
25 C for each seedlot (Tables 6, 7). Temperature regimes of 25/35 C,
10/35 C and 35 C significantly increased germination over that observed 
at 25 C. Maximum germination of wild poinsettia was observed at 25/35 
C (Table 6).
The overall effects of light were not significant although the inter­
action of light x temperature was highly significant (Table 7). Light 
caused increases in germination over dark controls at constant temperatures 
of 25 and 35 C (Figure 2). Under alternating temperature regimes light 
caused a decrease in germination at 10/35 C and had no significant effect 
on germination at 25/35 C (Figure 2).
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Table JL. Effect of mechanical scarification on germination of
wild poinsettia.
Time of Scarification 
(seconds)
Germination*1» b
%
0 6 c
2 88 a
5 71 b
10 5 c
20 1 c
aSeed germinated at 20/30 C in white light.
bAny two means not followed by the same letter are significantly 
different according to Duncan's Hew Multiple Range Test. P<.01.
Table 2. Analysis of variance of the variable, gemination 
percentage.
Source of Variation df SS MS F
Time of scarification 4 35,375 8,843 194.63**
Error 20 908 45
Total 24 36,283
32
Table 3k Imbitition of wild poinsettia seed as measured by change 
in seed weight at various time intervals.
Imbibition Time A Seed Weight3
(Hours) (mg)
0 0 a
2 0.47 b
4 1.53 c
6 2.36 d
24 2.50 d
48 2.57 d
aAny two means not followed by the same letter are significantly
different according to Duncan's New Multiple Range Test. P<.01.
Table 4. Analysis of variance of the variable, seed weight.
Source of Variation df SS MS F
Imbition Time 5 61.78 12.36 206.00**
Error 54 3.31 0.06
Total 59 65.09
** P<.01.
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Table 5_. Effect of seedlot on germination percentage of wild
poinsettia.
Year Number of Observations Germinationa
(%)
1974 40 46
1975 40 64
hsd (.01) 9
Combination of all temperature and light treatments »
Table 6. Effect of germination temperature and seedlot on germina-
tion percentage of wild poinsettia.
Temperature Germination2
(C) 1974 1975
(X) (%)
25 2 13
35 33 53
25/35 97 94
10/35 51 60
hsd (.01) 17 17
Combination of both dark and light treatments.
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Table 7. Analysis 
percentage.
of variance of the variable, germination
Source of Variation df SS MS F
Year (A) 1 6,265.8 6,265.8 142.32**
Temperature (B) 3 66,362.4 22,120.8 502.46**
Light (C) 1 64.8 64.8 1.47 n.s.
A x B 3 5,448.6 1,816.2 41.25**
A x C 1 1,513.8 1,513.8 34.39**
B x C 3 31,415.2 10,471.7 237.86**
A x B x C 3 2,128.6 709.5 16.12**
Error 64 2,817.6 44.0
Total 79 116,016.8
**P<.01.
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Figure 2. Interaction of temperature x seedlot x light on germination of wild poinsettia. 
hsd (.OT) = 25% for dark vs. light comparisons within each temperature x year interaction.
36
(iii) Effect of Heat Pretreatment on Seed Germination
Storage of seed for 12 weeks at 36 C resulted in nearly 100% germi­
nation at 25 C in total darkness. Samples from the same seedlot which 
had been stored at 5 C for 12 weeks remained at 2ero germination in the 
same temperature and light regime (Figure 3). The interaction of tem­
perature x time was highly significant (Table 8).
(iv) Effect of Red Light on Germination
There was a significant effect on seed germination of wild poinsettia 
caused by duration of exposure to red light (Tables 9, 10). A signifi­
cant increase in germination over the dark control was observed after 48 
or 96 h of exposure.
(v) Assays for Germination Inhibitors
The addition of an adsorbent, activated charcoal powder, signifi­
cantly increased germination of wild poinsettia in white light (Table 11). 
A highly significant interaction was observed in light x adsorbent 
(Table 12). Charcoal had no effect on germination in total darkness 
(Table 11).
Paper chromatographs of wild poinsettia seed extracts revealed the 
presence of compounds which inhibited radicle elongation of cress seed. 
Growth inhibiting substances were found in both light and dark extracts 
at Rf values of 0.3, 0.6, 0.7, 0.8, 0.9 and 1.0 (Figure 4). Growth 
inhibiting substances also were found in dark extracts, but not light 
extracts, at Rp values of 0.4 and 0.5.
(vi) Assay for Abscisic Acid
Abscisic acid was not found in seed extracts which were analyzed by 
gas-liquid chromatography.
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Figure 3^ Gemination of wild poinsettia as affected by heat 
pretreatment at 36 C or storage at 5 C. Seed were germinated 
at 25 C total darkness, hsd (.01) = 12%.
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Table 8. Analysis of variance of the variable, germination 
percentage as shown in Figure 3.
Source of Variation df SS MS F
Storage time (A) 5 180.81 36.16 331.76**
Storage temperature (B) 1 199.47 199.47 1,830.02**
A x B 5 180.81 36.16 331.76**
Error 48 5.23 0.11
Total 59 566.32
**P<.01
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Table 9^ Effect of red light exposure duration on germination of
wild poinsettia.
Exposure Duration3 Germination*3 > c
(Hours) (%)
1 1.6 c
4 4.8 abc
8 6.8 abc
24 8.0 ab
48 10.0 a
96 8.8 a
192 6.8 abc
Dark Control 2.4 be
aSeed treated for indicated times, then placed in total darkness. 
bSeed germinated at 25 C.
cAny two means not followed by the same letter are significantly 
different according to Duncan's New Multiple Range Test. P<.01.
Table 10. Analysis of variance of the variable, germination 
percentage.
Source of Variation df SS MS F
Exposure duration 7 313.5 44.8 4.82**
Error 32 297.6 9.3
Total 39 611.1
**P<.01.
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Table 11. Effect of an adsorbent on germination of wild poinset- 
tia in light or dark.
Treatment
Germination* 
Light Dark
C%) (SS)
Hz0 48 1
H2O + 4 g charcoal 63 4
hsd (.01) 13 13
aSeed germinated at 25 C.
Table 12. Analysis of variance of the variable, germination
percentage.
Source of Variation df SS MS F
Adsorbent (A) 1 649.8 649.8 19.28**
Light (B) 1 15 ,125.0 15,125.0 448.81**
A x B 1 369.8 369.8 10.97**
Error 16 539.2 33.7
Total 19 16 ,683.8
**P<.01.
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Figure 4_. Cress seed bioassay of segments from paper 
chromatographs of wild poinsettia seed extracts.
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(vii) Treatment of Seed with Gibberellic Acid
When wild poinsettia seed were treated with 5 mM gibberellic acid, 
significant increases in germination were observed in both light and dark 
(Table 13). Treatment with gibberellic acid appeared to substitute for 
the effects of li^ht (Table 13). The effects of GA, light and the 
interaction of GA x light were highly significant (Table 14).
(viii) Pentose Phosphate Pathway in Dormant and Nondormant Seed
Similar ^ C - 6 / ^ C - l  ratios were found in both dormant and nondor­
mant wild poinsettia seed for all periods after the incubation period 
was begun (Table 15). When the ratios were compared, no significant 
differences were observed in either dormant or nondormant seed (Table 
15), Respiration of both dormant and nondormant seed was approximately 
the same for the first 12 hours of incubation. After 12 to 24 hours of 
incubation, however, respiration of nondormant seed greatly exceeded 
that of dormant seed (Table 15).
(ix) Changes in Levels of Phenylalanine Ammonia-Lyase
In the spectrophotometric assay, changes in PAL activity with time 
were not significant within the 25 C, dark treatment (figure 5). Signi­
ficant increases in PAL activity were observed after 72 h when compared 
to the 24 h time period within the 25 C, light; 10/35 C, dark; and 10/35 
C, light treatments. The increases in activity noted in the light treat­
ments over the dark treatments at both temperatures were not significant. 
A significant increase in level of PAL activity was observed at the 10/35 
C light treatment after 72 h compared to activity at the 25 C, dark treat 
ment after 72 h (Figure 5). The effects of temperature and light were 
significant, and the effect of time was highly significant (Table 16).
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Table 13. Effects of gibberellic acid and light on germination of
wild poinsettia.
Treatment Light
Germination3
Dark
m (%)
h 2o 61 12
GA, 0.05 mM 75 22
GA, 0.50 mM 78 40
GA, 5.00 mM 99 90
hsd (.05) 18 18
aSeed germinated at 25 C.
Table 14. Analysis of variance of the variable, germination 
percentage.
Source of Variation df SS MS F
GA (A) 3 18,933.6 6,311.2 80.55**
Light (B) 1 13,987.6 13,987.6 178.52**
A  x B 3 3,050.0 1,016.6 12.97**
Error 32 2,507.2 78.4
Total 39 38,478.4
**P<.01.
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Table 15. A comparision of -^^C-6/^C-l ratios and -^4C02 evolved 
by dormant and nondormant wild poinsettia seed.
Incubation
Time
Nondormant Seed Dormant Seed
14C02 Evolved
14C-6/14C-la
l4C0z Evolved
14C-6/l4C-lal4C-l
(dpm)
14C-6
(dpm)
l4C-l
(dpm)
14C-6
(dpm)
3 h 232 49 0.21 171 40 0.23
6 h 1,129 213 0.18 889 166 0.18
9 h 2,762 531 0.19 2,506 543 0.21
12 h 4,259 931 0.21 3,806 922 0.24
24 h 89,920 51,544 0.57 6,229 3,584 0.57
aRatios were compared by using the Paired-t Test. Since calculated t, 
2.333 did not exceed t 2.776, no ratio differed significantly from 
any other ratio within the same incubation time.
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Figure 5_. Spectrophotometrlc assay of changes in PAL activity 
as affected by temperature, light and time, hsd (.05) = 5.3 
units.
Table 16. Analysis
seed.
of variance of the variable, units * h”1 • g"l
Source of Variation df SS MS F
Temperature (A) 1 32.3 32.3 7.17**
Light (B) 1 32.3 32.3 7.17**
Time (C) 2 320.7 160.3 35.63**
A x B 1 0.7 0.7 0.15 n , s .
A x C 2 37.1 18.5 4.12*
B x C 2 25.6 12.8 2.84 n.s.
A x B x C 2 1.0 0.5 0.11 n.s.
Error 35 157.5 4.5
Total 46 607.3
*P<.05
**P<.01
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A significant interaction was noted between temperature and time 
(Table 16).
In the radiometric assay an almost identical pattern of PAL 
activity was observed (Figure 6). Again, no significant increase in 
PAL activity was observed with time within the 25 C, dark treatment. 
Significant increases in PAL activity were observed after 72 h when 
compared to the 24 h time period within the 25 C, light; 10/35 C, 
dark; and 10/35 C, light treatments (Figure 6), Highly significant 
increases in activity or light treatments over dark treatments were 
noted at both temperatures after 72 h of imbibition. The highest 
level of activity was noted at the 10/35 C, light treatment, and the 
lowest level of activity was observed at the 25 C, dark treatment.
The effects of temperature, light and time were highly significant 
(Table 17). Highly significant interactions ocurred between tempera­
ture x time and light x time (Table 17).
(x) Isocitrlc Lyase Activity in Dormant and Nondormant Seed
When extracts of dry or imbibed wild poinsettia seed were assayed 
for isocitric lyase activity, significantly higher levels were found 
in nondormant, imbibed seed (Table 18). Seed dormancy, imbibition 
and the interaction between seed dormancy x imbibition were signifi­
cant in their effect (Table 19).
(xi) Storage Temperature, Seed Moisture and Seed Viability
High percentages of germination were obtained with wild poinset­
tia seed which had been stored at low seed moisture levels. Neither 
duration of seed storage nor storage temperature significantly affected 
viability of wild poinsettia as long as seed moisture was 7.7% or less
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Figure 6_. Radiometric assay of changes in PAL activity as 
affected by temperature, light and time, hsd (.05) = 7,900 
dpm.
49
Table 17. Analysis of variance of the variable, dpm * g-^ * seed.
Source of Variation df SS x 10"6 MS x 10“6 F
Temperature (A) 1 1,209.72 1,209.72 121.14**
Light (B) 1 204.64 204.64 20.49**
Time (C) 2 2,057.63 1,028.81 103.02**
A x B 1 0.11 0.11 0.10 n.s.
A x C 2 399.46 199.73 20.00**
B x C 2 253.91 126.95 32.71**
A x B x C 2 4.37 2.18 0.22 n.s.
Error 35 349.50 9.98
Total 46 4,479.33
**P<.01.
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Table 18. Isocitric lyase activity in dormant and nondormant, 
dry and imbibed wild poinsettia seed.
Activity (uM * min' * g"l seed)
Treatment Dormant Nondormant
Dry
Imbibed3 
hsd (.05)
32.2
28.2 
30.4
28.2
69.1
30.4
aSeed imbibed in distilled H 20 for 24 h in total darkness at 25 C.
Table 19. Analysis of variance of the variable pM • min- -^ • g^seed
Source of Variation df SS MS F
Dormancy (A) 1 970.2 970.2 8.42*
Imbibition (B) 1 970.2 970.2 8.42*
A x B 1 1,580.1 1,580.1 13.71*
Reps 2 45.7 22.8 0.19 n.s.
Error 6 691.1 115.2
Total 11 4,257.24
*P<.05.
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(Table 20). Viability rapidly decreased when seed were stored at 10.8% 
moisture at 25 C or 18.6% moisture at 5 or 25 C. The effect of time was 
significant only as an interaction with moisture and (or) temperature 
(Table 21). The interaction of moisture x temperature was highly 
significant (Table 21).
(xil) Seed Burial, Seed Viability and Field Germination
In both the 1974 and 1975 seedlots, seed burial for 9 months at 
5 cm had a significantly higher field germination percentage than seed 
buried at 30 cm (Figures 7, 8). In the 1975 seedlot, field germina­
tion at 5 cm for 9 months was significantly higher than either the 
15- or 30-cm depths (Figure 8). This germination, which had taken 
place in nylon mesh bags prior to placing seed in a controlled environ­
ment, varied inversely with depth of burial and varied directly with 
duration of burial. The previously described differences in dormancy 
of the seedlots were manifested to some extent in lower overall field 
germination percentages at the shallow depth of burial in 1974 (Figure 
7) as compared to the same depth in 1975 (Figure 8). The effects of 
depth, time, and seedlot as well as the interactions thereof were 
highly significant (Table 22).
A significant increase in germination in light was observed in 
seed buried at 15 cm for 3 months as compared to seed stored dry at 
5 C for 3 and 9 months (Table 23). The effect of light on germination 
of 5 C controls was significant only at 6 months of storage (Table 23). 
Data are missing for the 5- and 15-cm depths of burial at 9 months for 
1974, and the 5-cm depth of burial at 9 months for 1975 since a signi­
ficant number of these seed had germinated prior to retrieval of the 
nylon mesh bags from the field. The effects of depth, light and time
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Table 20. Effect of seed moisture level, storage temperature, 
and duration of storage on viability of wild poinsettia.
Germination3
Seed Moisturem Duration of Storage (Months) 5 C Storage (%) 25 C Storage (%)
1.8 3 88 87
6 89 90
9 93 98
4.2 3 93 100
6 96 98
9 97 99
6.4 3 95 100
6 100 99
9 98 99
7.7 3 95 100
6 100 100
9 97 100
10.8 3 92 23
6 97 0
9 96 0
18.6 3 20 0
6 0 0
9 0 0
hsd (.01) 15 15
aSeed germinated in light at 25/35 C.
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Table 21. Analysis of variance of the variable, germination 
percentage.
Source of Variation df SS MS F
Moisture (A) 5 1,785.08 357.02 2,617.64**
Temperature (B) 1 73.67 73.67 540.17**
Time (C) 2 0.60 0.30 2.22 n.s.
A  x B 5 387.32 77.46 597.96**
A x C 10 11.90 1.19 8.73**
B x C 2 1.12 0.56 4.13*
A  x B x C 10 13.84 1.38 10.14**
Error 108 14.73 0.14
Total 143 2,288.29
*P<.05.
**P<.01.
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Figure 7. Field gemination of wild poinsettia as affected 
by depth and duration of burial (1974 seedlot). hsd (.01) = 
26%
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Figure 8. Field germination of wild poinsettia as affected 
by depth and duration of burial (1975 seedlot). hsd. (.01) = 
26%.
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Table 22. Analysis of variance of the variable, field germination 
percentage.
Source of Variation df SS MS F
Depth (A) 2 100.82 50.41 105.65**
Time (B) 2 230.13 115.06 241.17**
Seedlot (C) 1 7.80 7.80 16.35**
A x B 4 144.67 36.16 75.80**
A x G 2 30.74 15.37 32.22**
B x C 2 3.92 1.96 4.11**
A x B x C 4 30.41 7.60 15.93**
Error 72 34.35 0.47
Total 89 582.88
**P<.01.
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Table 23. Germination of wild poinsettia as affected by duration 
of burial, depth of burial and light (1974 seedlot).
Germination
Depth of Burial Unburied Control
 (cm)_______ _____ 5 C
Duration of Storage Germination 5 15 30
(Months) Conditions (%) (%) (%) GO
3 Light, 25 C 45 52 33 6
Dark, 25 C 0 1 0 0
6 Light, 25 C 62 62 64 48
Dark, 25 C 0 0 1 0
9 Light, 25 C — — 42 4
Dark, 25 C — 22 1
05) 40 40 40 40
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were highly significant as were the interactions of depth x light and 
light x time (Table 24) .
A temperature regime of 25/35 C was added to the experiment as a 
test of viability in 1975 after it was found that this treatment was 
optimum for germination of wild poinsettia. In 1975, light caused 
significant increases in germination at 25 C after 3 months burial at 
5, 15 and 30 cm, and in all controls (Table 25). At the 25/35 C regime 
the effect of light was significant over dark treatments only after 3 
months burial at 5 cm. Within the light treatments at 25 C the burial 
for 9 months significantly decreased germination at the 15-cm depths.
No significant differences due to depth or duration of burial were re­
corded within the light treatments at 25/35 C. Similarly, differences 
in germination due to depth or duration of burial were not significant 
within the dark treatments at 25 C. A significant decrease in germi­
nation was noted at the 5-cm depth for 3 months when the dark, 25/35 C 
treatment was compared to the 15- and 30-cm depths, but not the 5 C 
control. A significant decrease in germination was also noted at 9 
months burial, at the 15-cm depth within the 25/35 C, dark treatment.
In the 1975 seedlot all treatments and their associated interactions 
were highly significant with the exception of depth x temperature which 
was not significant (Table 26).
(xiii) Seed Coat Anatomy
Results of both the scanning electron microscopy and light micros­
copy studies are shown in Figures 9 and 10. The presence of many muci­
laginous cells give the seed a rough, warty appearance as seen in 
Figure 9A. In this same figure the presence of a small caruncle is
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Table 24. Analysis 
percentage.
of variance of the variable, germination
Source of variationa df SS MS F
Depth (A) 3 60.3 20.1 11.35**
Light (B) 1 283.2 283.2 159.88**
Time (C) 2 31.3 15.6 8.85**
A x B 3 31.3 15.6 5.87**
B x C 2 52.7 26.4 14.88**
Error 88 155.9 1.8
Total 99 747.8
aSome of the factor interactions are not included in the table 
because of missing values.
**P<.01.
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Table 25. Germination of wild poinsettia as affected by duration 
of burial, depth of burial, light and temperature (1975 Seedlot).
Germination
Depth of Burial 
(cm)
Unburied ControJ 
5 C
Duration of Storage 
(Months)
Germination
Conditions
5
(%)
15
(%)
30
(%) (%)
3 Light, 25 C 45 41 36 39
Dark, 25 C 0 1 1 2
Light, 25/35 C 92 90 98 82
Dark, 25/35 C 62 90 90 82
6 Light, 25 C 1 7 9 28
Dark, 25 C 0 0 0 2
Light, 25/35 C 92 94 96 98
Dark, 25/35 C 100 99 94 98
9 Light, 25 C --- 1 1 2
Light, 25/35 C -- 81 82 95
Dark, 25/35 C --- 64 68 95
hsd (.05) 28 28 28 28
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Table 26. Analysis of variance of the variable, germination 
percentage.
Source of Variation3 df SS MS F
Depth (A) 3 20.48 6.82 8.48**
Temperature (B) 1 2,869.12 2,869.12 3,563.00**
Light (C) 1 127.98 127.98 158.93**
Time (D) 2 24.16 12.08 15.00**
A x B 3 2.73 0.91 1.13 n.s,
A x C 3 6.79 2.26 2.81*
B x C 1 32.89 32.89 40.84**
B x D 2 75.49 37.74 46.87**
C x D 2 34.23 17.11 21.25**
A x B x C 3 15.59 5.19 6.45**
B x C x D 2 13.29 6.65 8.25**
Error 196 157.82 0.81
Total 219 3,646.41
*P<.05.
**P<.01.
aSome of the factor interactions are not included in the table because 
of missing values.
FIGURE 9* Seed coat of Euphorbia heterophylla L.
A. Scanning electron micrograph of the seed coat 
showing the caruncle (c) and a portion of the raphe 
(120X). B. Cross Section of the seed coat showing 
mucilaginous cell layer, m, and palisade cell layer, 
p, (1800X).
FIGURE 10. Seed coat of Euphorbia heterophylla L.
A. Cross section showing inner seed coat, i, radicle, 
r, and endosperm, e, (iiOOX). B. Cross section showing 
mucilaginous cell layer, m, and translucent cells 
directly beneath (1800X).
noted. Four distinct layers of the seed coat and a cross section of 
the outer mucilaginous cells are visible in Figures 9b , 10A and 10B.
The layers of mucilaginous cells is deposited over a layer of translucent 
cells (Figure 10A). Most of the seed coat seems to be composed of 
sclerenchymatous palisade cells (Figures 9B and 10B), and an inner seed 
coat is visible beneath the palisade cells (Figure 10A).
DISCUSSION
(i) Seed Scarification., Imbibition, and Seed Anatomy
The increased germination of wild poinsettia in response to scari­
fication is in agreement with what has been reported in an array of 
other species (6). Scarification modifies the seed coat which may be 
impermeable to water and (or) oxygen. Observations of dormant and non- 
dormant wild poinsettia seed have indicated that both exhibit similar 
degrees of imbibitional swelling. Since data presented in Table 3 in­
dicated that dormant seed imbibe water, it may be assumed that the seed 
coat does not present a barrier to water uptake.
Pammel (140) first reported that wild poinsettia has a mucilaginous 
seed coat. Anatomical studies conducted on wild poinsettia seed coats 
revealed the presence of mucilaginous cells as reported by Pammel 
(Figures 9 and 10). The importance of mucilaginous seed coats in disper­
sal and moisture relations during the germination of weed seed was 
recently reported by Young and Evans (223). Although Young and Evans 
stressed the importance of the mucilaginous seed coats in moisture re­
lations, Edwards (41) observed that seed of charlock (Sinapis arvensis 
L.), which have a mucilaginous seed coat, were permeable to water yet 
impermeable to oxygen. In a later paper, Edwards (42) reported that 
oxidation of phenols as well as a mucilaginous seed coat may restrict 
diffusion of oxygen Into the seed. Seed of Blepharis persica (Burn.) 
Kuntze have mucilaginous hairs which cover the integuments of the seed. 
In the presence of 1 ml of water these mucilaginous hairs on the side 
of the seed distal from the soil have air spaces between them. In the
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presence of excess water (3 ml) the air spaces between the hairs be­
come saturated with water, and oxygen diffusion to the embryo is re­
stricted, Preliminary experiments with wild poinsettia seed suggested 
that the mucilaginous seed coats and water relations occupied prominent 
roles in the germination process since alternate wetting and drying of ' 
the seed seemed to stimulate germination. These experiments could not 
be repeated with any degree of accuracy, and data are not presented in 
this writing. Presence of a mucilaginous seed coat may restrict oxygen 
diffusion sufficiently to inhibit germination in wild poinsettia by 
preventing oxidation of phenolic inhibitors which data suggest may be 
present in this species. Scarification probably increases germination 
of wild poinsettia by modifying the seed coat such that oxygen dif­
fusion is increased.
If seed coats have properties which alter oxygen diffusion, then 
similar properties might affect diffusion of other gases such as 
carbon dioxide. Although carbon dioxide will break seed dormancy in 
certain species (5), the limiting factor may be diffusion of the gas 
since differential permeability of seed coats to oxygen and carbon 
dioxide has been reported (19). Differential permeability of seed 
coats to gases should not be eliminated a priori as a possible contri­
buting factor to seed dormancy of wild poinsettia.
Lastly, the seed coat may restrict expansion of the germinating 
embryo, thus, maintaining seed dormancy. If this had been the case 
for wild poinsettia, however, lower germination percentages probably 
would have been noted for those treatments which broke seed dormancy 
completely.
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(ii) Alternating Temperatures, Light and Seedlots
The differences in germination which were observed between the 
1974 seedlot and the 1975 seedlot may have been due to environmental 
differences under which the embryos developed, Gutterman (72) and 
Everson (55) have reported that germination of seed may be affected by 
external conditions under which the mother plant grows. Such a hypothe­
sis could be extended to explain differences in germination caused by 
various herbicide treatments to the mother plant. Plants which pro­
duced the 1974 seedlot were subjected to postemergence applications of 
dinoseb 2 to 3 weeks prior to the harvest of the seed. It is possible 
that these herbicide treatments influenced seed dormancy in some manner. 
As previously described, the 1974 seedlot was produced under relatively 
dry conditions compared to the 1975 seedlot. Mizrahi et al. (127) have 
shown increases in ABA, which can inhibit germination, in response to 
osmotic stress. Though this hypothesis to explain differences in the 
germination of the two seedlots is interesting, gas-liquid chromoto- 
graphy of wild poinsettia seed extracts failed to detect the presence of 
ABA in either seedlot. Lower overall germination in the 1974 seedlot 
in contrast to the 1975 seedlot suggests the presence of germination 
inhibitor(s) or absence of promoter(s).
Alternating temperature regimes often break seed dormancy while 
constant temperature regimes sometimes have little or no effect (75,
79, 102, 131). Increases in germination caused by alternating tempera­
tures have been attributed to effects on sequential reactions or mechani­
cal changes within the seed (120), Cohen (31) suggested that elevated 
temperatures caused changes in membrane structure which allowed various 
reactants within the seed to mix; thus, germination was initiated.
Hendricks and Taylorson (84) have shown that the rate of leakage of 
endogenous amino acids from imbibed seed of several species is enhanced 
more at temperatures from 30 to 35 C than at lower temperatures. Germi­
nation of those species in which amino aeid leakage was observed ap­
proached zero at 35 C and appeared maximal at constant temperatures of 
30 C or lower. Changes in amino acid leakage were regarded as membrane 
transitions of the plasmalemma. Seed of Amaranthus albus L. and Abutilon 
theophrasti Medic, germinated best at 35 to 40 C and showed no membrane 
changes in the 25 to 40 C range. Lowest overall germination percentages 
of wild poinsettia were observed at 25 C (Table 6), and germination 
percentages increased significantly as constant temperature was increased 
to 35 C. This response of germination to constant temperature increase 
may be similar to that observed above for A. albus and A. theophrasti. 
Hendricks and Taylorson (84) showed that germination and amino acid 
leakage of Barbarea vulgaris R. Br. seed was enhanced by temperature 
shifts of 64 minutes from 20 to >30 C indicating membrane transitions 
caused by alternating temperatures. Similarly, membrane transitions may 
be responsible for the initiation of germination in wild poinsettia 
seed at alternating temperature regimes of 10/35 C and 25/35 C. Hendricks 
and Taylorson (84) maintain that final control of germination remains at 
the metabolic level though changes in membrane permeability may initiate 
controlling reactions. Previous studies by these same workers (187) 
have indicated that temperature may cause changes in enzyme configu­
rations, promote degradation of inhibitors, or change enzyme distribution. 
Events such as these support the contention that final control of the 
germination process resides at the metabolic level.
The effects of temperature and light observed in the germination
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responses of wild poinsettia may result in membrane transitions which 
potentiate germination. Phytochrome has been shown to be membrane- 
bound (147), and enzymes such as PAL, which are known to be controlled 
in certain species by Pfr , also have been shown to be membrane-bound 
(171). The decrease in germination of wild poinsettia caused by light 
at 10/35 C may involve the enzyme, PAL, This will be discussed in a 
subsequent section of this dissertation.
Koller (101) suggests that response to diurnal periodicity re­
flects a survival mechanism of the species. The response of wild poin­
settia observed at 10/35 C suggests a survival mechanism. Seed on the 
soil surface, where moisture is limited, would be exposed to light at 
this temperature, and germination would be inhibited. Seed buried 
deeper in the soil would not be exposed to light at this temperature 
regime, and these seed would germinate to a higher percentage. This 
is to say that moisture probably would not be limiting to the survial 
of those seed buried deeper in the soil. Wild poinsettia has been re­
corded as an annual of the Sonoran desert (208) where cool nights and 
warm days approximating a 10/35 C temperature regime would be observed 
during certain periods.
Both temperature and light influence germination of wild poinsettia. 
Increases in germination with increases in temperature treatment agree 
with field observations that periods of heaviest germination and emer­
gence occur in late spring and early summer when soil temperatures have 
reached these levels.
(iii) Effects of Heat Pretreatment on Seed Germination
Heat pretreatment tends to accelerate the after-ripening process
of some seed and increases the range of environmental conditions over 
which germination will occur (103). Wild poinsettia seed germinated 
completely at 25 C in total darkness after heat pretreatment at 36 C 
for 12 weeks (Figure 3). Wild poinsettia seed which have been stored 
at 5 C for a corresponding period of time require light for only partial 
germination at this temperature (Figure 2). Seed desiccation, which 
may occur during heat pretreatment tends to increase seed coat perme­
ability to oxygen (211). Such an occurrence may lead to increased 
degradation of inhibitors present in the seed. Changes of enzyme con­
figuration and seed coat structure also are possible explanations for 
increased germination after heat pretreatment. It is stated, however, 
that such explanations lack adequate support (190). The requirement 
for a heat pretreatment in order for rapid germination and establish­
ment to occur over a wide range of environmental conditions suggests 
another survival mechanism in this species. Dry, warm conditions would 
be expected to occur naturally in a desert environment, and such con­
ditions probably modify the seed of this species to provide for rapid 
germination and establishment under limited rainfall.
(iv) Effects of Red Light on Germination
Although red light significantly increased germination of wild 
poinsettia (Table 9), results were not so convincing as to justify 
further investigations. Without exposing seed to both red and far-red 
light, either sequentially or simultaneously, the phytochrome system 
cannot be conclusively implicated as a mechanism of seed germination 
in this species. Both the effects of red and far-red light, as well as 
blue light, should be assessed in order to determine completely the
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nature of the photoreceptor in wild poinsettia seed. It is possible
that more than one receptor influences the response to light and
temperature observed in this species.
(v) Endogenous Germination or Growth Inhibitors
The partial inhibition of germination which is observed at 10/35 C
in white light may be attributed to increased synthesis of endogenous 
germination or growth inhibitors. There was very little difference, 
however, in the results obtained when a cress seed bioassay was used to 
test extracts of light- and dark-grown seed under this temperature and 
light regime (Figure 4). Since inhibitory activity was observed in 
the B-inhibitor complex, i.e., Rp 0.5 to 0.9, seed extracts were examined 
further for the presence of ABA. Results proved to be negative, how­
ever, as ABA was not detected by established procedures.
Results obtained in the cress seed bioassay and the increased 
germination observed with the use of an adsorbent in the germination 
medium (Table 11) suggested the presence of phenolic inhibitors. The 
significant interaction between GA and light which was observed in the 
germination of wild poinsettia (Table 13) probably is interrelated with 
the synthesis of phenolic inhibitors. Russell and Galston (167) observ­
ed that the red-light-induced synthesis of kaempferol-3-triglucoside
was blocked by GA in etiolated pea internodes. Similar effects of GA 
on flavonoid synthesis has been reported by others (63, 130).
Germination has been defined previously in this writing as elonga­
tion of the radicle 5 mm or more. Obviously, this does not define germi­
nation as accurately as it does growth of the radicle. Some visible 
criterion, however, must be selected as a measurement of germination.
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With this in mind it should be noted that the partial inhibition of 
germination, which was observed in white light at 10/35 C, probably 
was more an inhibition of radicle elongation than germination because 
radicle elongation not exceeding 1 mm sometimes was observed. Since low 
concentrations of indoleacetic acid (IAA) are known to promote root 
elongation while higher concentrations are inhibitory, it is possible 
that some of the inhibitors present in wild poinsettia seed act by inter­
fering with the effects of IAA. The enzyme, IAA oxidase, which will de­
grade IAA, was recognized initially by Tang and Bbnner (181). Monophe- 
nolic cofactors such as kaempferol, p-coumaric acid or ferulic acid are 
necessary for IAA oxidase activity (64, 69, 70), while diphenolic com­
pounds such as quercitin are inhibitors (132). Although these phenolic 
compounds have not been specifically identified in seed extracts of wild 
poinsettia, the experiments described in this section suggest that an 
interaction between phenolic compounds and IAA oxidase may be occur­
ring. Such indications warrant further investigation.
(vi) Pentose Phosphate Pathway in Dormant and Nondormant Seed
The previously discussed role of the PPP as a mechanism of seed 
dormancy did not manifest itself in either dormant or nondormant wild 
poinsettia seed (Table 15) . This suggests that the supply of NADP+ , an 
essential cofactor to the PPP, is not limiting in either dormant or 
nondormant wild poinsettia seed.
Lehninger (107) has stated that the primary role of the PPP is 
the production of NADPH, an important cofactor of reductive syntheses. 
D-erythrose-4-phosphate, also derived from the PPP, is one of the initial 
reactants of the shikimic acid pathway. Products of the shikimic acid
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pathway include the aromatic amino acids, some of which are precursors 
of IAA and cinnamic acid. Phenylpropanoids such as cinnamic acid form 
part of the ring structure of flavan derivatives which were discussed 
above as cofactors of IAA oxidase. The cofactor, NADPH, Is essential 
to the shikimic acid pathway as well as the production of phenylpro­
panoids. With these facts In mind, the functioning of the PPP in dor­
mant and nondormant wild poinsettia seed would make possible those 
mechanisms which may be causing seed dormancy or unusual germination 
responses that reside in products of secondary plant metabolism, i.e., 
flavan derivatives, phenylpropanoids, etc. An investigation of one of 
the controlling enzymes of phenylpropanoid synthesis, PAL, lends 
support to this hypothesis.
(vii) Changes in Levels of Phanylalanine Ammonia-Lyase
Spectrophotometric enzyme assays generally rely on changes in 
product concentration to indicate corresponding changes in enzyme 
activity. Unfortunately, the results of such assays are limited to 
in vitro interpretation although these interpretations often extend 
far beyond these boundaries. The assays used in this investigation 
followed changes in concentration of trans-cinnamic acid and correlated 
these changes with PAL activity. Although the reliability of the 
spectrophotometric assay for PAL has been questioned (51), it has 
recently been ascertained that the assay is both sensitive and re­
liable (169),
Cold temperatures often promote increases in PAL activity and 
accumulation of phenolic compounds (115). Marousky (119) reported that 
cold treatments increased anthocyanin level in Euphorbia pulcherrima 
Willd. Engelsma (48) showed that the duration of photoinduction of PAL
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activity in gherkin seedlings was a function of temperature. PAL 
activity declined, however, when seedlings were transferred from the 
lower temperature to the higher temperature. Presence of enzyme in­
activating complexes were inferred for the decline in activity at the 
higher temperatures. Wild poinsettia seed extracts showed the greatest 
PAL activity after seed had been imbibed for 72 h at 10/35 C in the light 
(Figures 5, 6). It is possbile that more PAL is activated at 10 C 
than is inactivated at 35 C if an activator-inactivator complex exists 
in wild poinsettia seed. The net effect would be a high level of PAL 
activity and subsequently, high levels of phenylpropanoid synthesis at 
10/35 C as compared to low levels of synthesis at a constant temperature 
of 25 C. That PAL is photoinduced can be seen in the light-stimulated 
increases in activity at both temperature, regimes (Figures 5, 6). The 
fact that several temperature and light cycles are required before a 
relatively high level of PAL activity is observed suggests the inter­
action of several factors in the response.
Increased PAL activity suggests increased levels of phenylpro­
panoids although compounds other than trans-cinnamic acid were not 
monitored. The various roles of phenolic compounds in the control of 
plant growth may possibly be manifested in the gerainative processes of 
wild poinsettia seed. It is suggested, therefore, that the partial in­
hibition of wild poinsettia seed germination observed at 10/35 C light 
is due, in part, to increased synthesis of phenolic inhibitors as evi­
denced by high levels of PAL activity under these conditions.
(viii) Isocitric Lyase Activity in Dormant and Nondormant Seed
The establishment of Isocitric lyase as a marker enzyme of germi­
nation has been discussed in a previous section of this writing.
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Isocitric lyase is synthesized de novo during germination, and similar 
findings were noted for wild poinsettia seed as highest levels of 
activity were found in imbibed, nondormant seed (Table 18). Previous 
results of this study have indicated that seed dormancy is broken after 
wild poinsettia seed are stored dry at 36 C for 12 weeks. Obviously, 
changes occur within the seed to potentiate the synthesis of isocitric 
lyase only after this period of dry storage at 36 C. The nature of 
such changes remains obscure for wild poinsettia as well as other species 
in which a heat pretreatment breaks seed dormancy.
Previous results of this study have also indicated that GA breaks 
seed dormancy and markedly enhances germination of wild poinsettia seed. 
Pinfield (143) showed that GA increased isocitric lyase levels in hazel 
cotyledons. Since high temperatures cause changes in membrane structure 
(31) , preformed GA may be released from a membrane and stimulate the 
synthesis of isocitric lyase thereby initiating a step in the germina­
tion process. Such observations warrant investigations on endogenous 
GA levels in relation to isocitric lyase synthesis in wild poinsettia 
seed.
(ix) Storage Temperature, Seed Moisture and Seed Viability
The relationship between temperature, moisture and seed viability 
is well established. This was reflected in the germination of wild 
poinsettia seed after storage for various periods at various temperature 
and moisture regimes (Table 20). Drying of seed to below 2% moisture is 
reported as deleterious to some species (157). Such a moisture regime 
did not seem to have any harmful effect on wild poinsettia seed after a 
9-month period. This observation again suggests the adaptability of
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this species to dry environmental conditions. Although 9 months does not 
conclusively define the time limits of seed viability for this species, 
a rapid deterioration was observed at 10,8% moisture at 25 C, and 18.6% 
moisture at 5 and 25 C. These results suggest that drying of seed to at 
least 7.7% moisture is necessary to maintain seed viability for an ex­
tended period of time at 25 C. Slightly higher seed moisture levels 
could be tolerated if seed were- stored at 5 C, Although temperatures 
below 5 C were not evaluated, such conditions probably could not be 
detrimental to seed viability if moisture content were low enough to 
prevent freezing damage.
The conditions which prevailed at 18.6% seed moisture and 25 C 
probably served to increase membrane permeability within the seed. 
Although changes which may occur in membrane permeability probably 
are slow to occur at this moisture level, they may be sufficient to 
permit leakage and cause irreversible damage.
(x) Seed Burial and Field Germination
Seed dormancy and viability often vary with depth and time of 
burial (179, 180, 185). The higher field germination percentage 
which was observed in wild poinsettia seed buried for 9 months at 5 cm 
(Figures 7, 8) may be attributed to a wider fluctuation of temperature 
near the soil surface and a gradual increase in temperature with time 
from initial date of burial. These data are consistent with laboratory 
observations that alternating temperatures of 25/35 C are optimal for 
germination of this species. Seed buried deeper than 5 cm maintain their 
dormancy to a greater extent because they are not subject to drastic 
alternations of temperature, nor are they as likely to be exposed to 
light which stimulates germination at constant temperatures. Differences
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in germination which may be attributed to seedlot are apparent (Figures 
7, 8), and explanations for such differences have been discussed 
previously.
In the 1974 seedlot a significantly higher percentage of germina­
tion is noted in seed germinated in light at 25 C after burial at 15 cm 
for 3 months (Table 23). These seed may have developed a sensitivity 
to light after burial as reported by Wesson and Wareing (218) although 
a similar occurrence was not observed in the 1975 seedlot (Table 25).
The significantly higher germination percentage of the 5 C control after 
6 months storage in 1974 (Table 23) as compared to 5 C controls after 3 
and 9 months storage suggests periodicity of germination although simi­
lar patterns were not observed in 1975 (Table 25).
In the 1975 seedlot the decreases in germination percentage noted 
at the 5-cm depth for 3 months when the dark* 25/35 C treatment is com­
pared to 15- and 30-cm depths for 3 months (Table 25) may be attributed 
to a decrease in seed viability caused by higher soil temperatures at 
the shallow depth. The decrease in germination percentages noted after 
9 months burial at the 15- and 30-cm depths within the dark, 25/35 C 
treatment may be due to length of exposure to environmental factors.
The periodicity of germination which seemed to occur in 1974 was 
not observed in 1975, nor have such periodic responses been observed in 
the course of executing other germination experiments with this species. 
Such a response in this species probably is characteristic of the seed­
lot rather than the species. The effects of light on germination after 
these seed have been subjected to various depths and durations of burial 
are not consistent and may vary depending upon environmental factors 
which influence the developing embryo. The effect of light on germina­
tion at 25 C is precise, however, the interaction of light, depth 
of burial, and duration of burial becomes exceedingly complex.
SUMMARY
Freshly harvested seed of wild poinsettia are dormant. Data indi­
cated that an alternating temperature regime of 25/35 C is optimal for 
germination. Alternatively, treatment of seed at 36 C for 12 weeks 
breaks dormancy and broadens the range of environmental conditions 
under which maximum germination will occur. Light partially inhibits 
germination at 10/35 C, increases germination at 25 and 35 C, and has 
no effect on germination at 25/35 C. Seed dormancy also may be broken 
by germinating seed in a 5 mM aqueous solution of GA.
Both dormant and nondormant wild poinsettia seed oxidize glucose
to a similar degree via the PPP. This indicates that this pathway is
not a factor contributing to seed dormancy in this species.
Evidence was found which indicated the presence of inhibitors in 
wild poinsettia seed extracts. Increased activity of PAL was found in
seed imbibed at 10/35 C compared to 25 C, and in seed exposed to light
vs. dark treatments at these same temperatures. Such evidence lends 
support to the hypothesis that phenolic inhibitors are responsible for 
the partial inhibition of seed germination observed at 10/35 C in white 
light. Abscisic acid was not detected in seed extracts.
Isocitric lyase activity was enhanced greatly in nondormant seed 
which had been imbibed for 24 h as compared to dry seed. Data suggests 
that changes occur during the after-ripening period which make possible 
increased activity of this enzyme during germination.
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Seed viability is maintained at least 9 months if freshly har­
vested seed are stored below 7.7% moisture at 5 or 25 C. Field germi­
nation is inversely related to depth of burial and seems to increase 
as soil temperature increases.
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